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1

CLEANING DEVICE WITH DEEPLY
REACHING PLASMA AND ASSISTING
ELECTRODES

This application 1s a division of Ser. No. 09/742,430 filed
Dec. 22, 2000 now U. S. Pat. No. 6,476,341.

BACKGROUND OF THE INVENTION

The present invention relates to a cleaning device with
deeply reaching plasma and assisting electrodes, and par-
ticularly to one which 1s used 1n cleaning flat-board shaped
things such as silicon wafers, Cu lead frames, eftc.

In the process of making integrated circuits, the integrated
circuits can have dirt unwarily attached to them because of
the manufacturing conditions and dust in the environment.
Therefore, 1t 1s necessary that the dirt and dust are removed
from the integrated circuits. Otherwise, other necessary
materials cannot be appropriately attached to the integrated
circuits.

Cleaning devices for mtegrated circuits can also be used
in surface processing, and plating such as plasma ashing of
silicon, removing of passivation layer.

However, the inventor of the present invention found that
conventional cleaning devices with plasma could not clean
the circuits very sufliciently because the plasma could not
reach deeply enough.

SUMMARY OF THE INVENTION

Therefore, it 1s a main object of the present invention to
provide a cleaning device with deeply reaching plasma and
assisting electrodes such that the circuits can be sufliciently
cleaned.

The cleaning device deeply reaching plasma and assisting
clectrodes has:

several supporting racks; the supporting racks receiving,
flat boards to be cleaned therein; the supporting racks
having openings for permitting the flat boards to be
mserted;

a chamber; the chamber receiving the supporting racks
therein;

several plasma sources; the plasma sources being dis-
posed beside two sides of the supporting racks; the
plasma sources being capable of sending out plasma to
clean the flat boards;

several metallic grids; the metallic grids being disposed
adjacent to the supporting rocks and the plasma
sources; electric voltage being applied to the metallic
orids to help the plasma of the plasma sources pushed
deeply into the supporting racks for permitting the
plasma to clean the flat boards evenly and sufficiently.

BRIEF DESCRIPTION OF THE DRAWINGS

This mnvention will be better understood by referring to
the accompanying drawings, wherein:

FIG. 1 1s a block diagram of the structure of the cleaning
device of the present invention.

FIG. 2 1s a view of the cleaning device of the present
invention with inductively coupling plasma.

FIG. 3 1s a view of the cleaning device with inductively
coupling plasma according to a second embodiment of the
present invention.

FIG. 4 1s an exploded perspective view of the supporting,
rack of the present invention.
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FIG. 5 1s another supporting rack according to the present
invention.

FIG. 6 1s a block diagram of the structure of the cleaning,
device without holding members according to the present
invention.

FIG. 7 1s a view of the cleaning device of inductively
coupling plasma without holding members.

FIG. 8 1s a view of the cleaning device with insulating
cushions of a first type.

FIG. 9 1s a view of the cleaning device with insulating
cushions of a second type.

FIG. 10 1s a view of the cleaning device with 1nsulating
cushions of a third type.

FIG. 11 1s a view of the cleaning device with flat-spiral-
shaped antennas.

FIG. 12 15 a perspective view of the cleaning device with
hollow cathode discharge of a first type.

FIG. 13 1s side view of the cleaning device mn FIG. 12.

FIG. 14 15 a side view of the cleaning device with hollow
cathode discharge of a second type.

FIG. 15 1s a block diagram of the cleaning device with
magnetic field and holding member.

FIG. 16 1s a view of the cleaning device with magnetic
field and holding member type one.

FIG. 17 1s a view of the cleaning device with magnetic
field and holding members type two.

FIG. 18 1s a view of cleaning device with magnetic field
and holding members type three.

FIG. 19 1s a block diagram of the cleaning device with
magnetic field, without holding members according to the
present 1vention.

FIG. 20 1s a view of the cleaning device with magnetic
field, without holding members, type one.

FIG. 21 1s a view of the cleaning device with magnetic
field, without holding members, type two.

FIG. 22 15 an exploded perspective view of the supporting,
racks of the cleaning device according to a third embodi-
ment of the present invention.

FIG. 23 1s a perspective view of the supporting rack in
FIG. 22.

FIG. 24 1s a cross-sectional view of the supporting rack in
FIG. 22.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring to FIGS. 1, 2 and 3, the cleaning device with
deeply reaching plasma and assisting electrodes of the
present 1nvention includes:

several supporting racks 1; referring to FIGS. 4 and 5, the
racks 1 each has openings 12 on a front side and a rear
side and support protrusions 11. Thus, flat boards, and
held 1n position by the support protrusions 11. The
racks 1 are further provided with covers 13 having
through holes 131. The covers 13 are fitted to the front
and the rear sides of the racks 1. The racks 1 can also
be used without the covers 13 fitted to them. The racks
1 are each provided with elongated holes 14 on two
lateral sides. The racks 1 can also be provided without
clongated holes 14 on two lateral sides. The openings

12, the through holes 131 and the elongated holes 14

can help plasma sent 1nto the racks easily;

a holding member 2; the holding member 2 can be made
of insulated materials and conductive materials as well;
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the holding member 2 can hold the supporting racks 1;

the cleaning device also can be used without the

holding member 2 provided in 1t, when the holding
member 2 1s not used, the supporting racks 1 are piled
up as shown in FIGS. 6, 7 and 8; there can be more than
one holding members 2;

a chamber 3; the chamber 3 has a room i1n 1t; the
supporting racks 1 and the holding members 2 are
received 1n the chamber; the chamber 3 can become

vacuum by using a vacuum machine;

a plasma source 4; the plasma source 4 1s disposed on two
sides of the supporting racks 1 and the holding member
2; the plasma source 4 can be ICP (inductively-
coupling plasma), HCD (hollow cathode discharge),
Helicon or CCP (capacivity-coupling plasma); there
can be more than one plasma sources 4;

a metallic grid §; the metallic grid 5 1s disposed between
the supporting racks 1 and the plasma sources 4; when
clectric voltage 1s applied to the metallic grid 3, elec-
trons or 1ons of the plasma are sent into the supporting
racks 1; thus, the plasma can reach deeply and have
desirable cleaning capability; the meshes of the metal-
lic grid 5 can be rectangular, round, oval or
honeycomb-shaped, and 1s about one to twenty mini
meters wide; the metallic grid can be formed by various
designs such as 1t 1s formed apart by plurality horizon-
tal parallel wires, vertical parallel wires, horizontal
oblique wires and vertical oblique wires. The metallic
orid 5 can be replaced with metallic plates having
through holes on them, the electric voltage applied to
the metallic grid 5 can be DCYV, unipolar positive or
unipolar negative pulse, bipolar pulse or intermediate
frequency (40 k—13.56 MHZ)

In using the cleaning device with deeply reaching plasma
wherein the holding member 2 1s used; referring to FIGS. 1,
2 and 3, the things to be cleaned are inserted into the
supporting racks 1 and the supporting racks 1 are disposed
in the holding member 2; then, the holding member 2 is
disposed 1n the chamber 3, and the metallic grids 5 and the
plasma sources 4 are disposed on two sides of the holding
member 2; 1 using the cleaning device having no holding
member 2. Referring to FIGS. 6, 7 and 8, the things to be
cleaned are inserted into the supporting racks 1, and the
racks 1 are disposed 1n the chamber 3; then the plasma
sources 4 and the metallic grids 5 are disposed on two sides
of the supporting racks 1; then, the plasma sources 4 send
out plasma, and the bias voltage 1s applied to the metallic
orid 5. Because the holding members 2 are disposed adjacent
to the plasma sources 4, the things to be cleaned can be
sufliciently contacted by the plasma. And, the plasma can
flow evenly between the flat-board shaped things to be
cleaned. Because of the electric voltage, the metallic grid 5
has either positive electric field of negative electric field; the
positive electric field can push the 10ns of the plasma 1nto the
supporting racks 1, while the negative electric field pushes
the electrons of the plasma into the racks 1. That 1s, the
metallic grid §, having electric voltage, can increase the
density of the plasma, and push the 1ons or the electrons of
the plasma into the racks 1 deeply. Thus, the cleaning
ciiectiveness and the evenness of the plasma are obviously
increased.

In using the cleaning device with the holding members 2,
it doesn’t matter whether the holding members 2 and the
supporting racks 1 are made of conductive materials or not.
When the supporting racks 1 or the holding members 2 are
conductive, we can apply positive or negative bias voltage
pulse of low frequency (about 0.1-500 KHZ) to attract
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clectrons or 10ons for spreading the plasma. And, the action
strength of the 1ons can be controlled to achieve optimum
cleaning effect. Furthermore, when applying electric voltage
to the supporting racks 1 or the holding members 2, the racks
1 and the holding members 2 should be 1n floating potential
type for preventing the bias voltage from being applied on
the chamber 3. For example, when the voltage 1s applied to
conductive supporting racks 1, the holding members 2
should be 1nsulated; and, referring to FIG. 9 when both the
racks land the holding members 2 are conductive and the
voltage 1s applied to the racks 1, msulating cushions 21 are
inserted between the racks 1 and the holding member 2;
referring to FIG. 14 when both the racks 1 and the holding
members 2 are conductive, and the voltage 1s applied to the
holding members 2, insulating cushions 21 can be inserted
between the chamber 3 and the holding members 2.

Referring to FIG. 10, when the holding members 2 are not
used, the supporting racks 1 are conductive, the racks 1 are
piled up or arrayed with a msulating cushion 21 inserted
between the lowest one of the racks 1 and the chamber 3 1n
order to form a floating potential; the voltage applied to the
supporting racks 1 can be positive or negative direct current
voltage, pulse voltage (about 0.1-500 KHZ), or intermediate
frequency alternating current voltage.

Referring to FIGS. 2, 3 and 7, when the plasma source 4
uses inductively-coupling plasma (ICP), the supporting
racks 1 or the holding members 2 have antennas 41 disposed
on two opposing sides; the antennas 41 can be spiral-shaped,
wound up with level-spiral-shaped or flat-spiral-shaped. No
matter what kind of shape the antennas 41 have, high
frequency power (about 10 k—54.24 MHZ) can be sent
through the antennas 41. The antennas 41 can be grounded
but they do necessarily have to be grounded. When the
antennas 41 are grounded, the potential difference can be
reduced, and so the action strength of the 10ns of the plasma
1s reduced. When the antennas 41 are not grounded, the
potential difference 1s mcreased, and so the action strength
of the 1ons 1s increased. Thus, the action strength of the
plasma 1ons 1s controlled to achieve optimum cleaning
cifect.

Referring to FIG. 11, if the antennas 41 of the inductively-
coupling plasma source are flat-spiral-shaped, and are not
crounded, the metallic grid 5 1s not a must; the flat-spiral-
shaped antennas 41 have negative potential, and therefore
have the function of a metallic grid.

Referring to FIGS. 12 and 13, when the plasma source 4
uses hollow cathode discharge, hollow negative electrodes
42 are disposed on two sides of the holding members 2; the
hollow negative electrodes 42 have through holes 421.
When negative voltage 1s applied to the hollow negative
clectrodes 42, and air 1s passed through the through holes
421 from outside, negative plasma will be produced on inner
sides of the hollow negative electrodes 42; the plasma will
flow 1nto the supporting racks 1 to clean the plate-shaped
things 1n the racks 1. Referring to FIGS. 13 and 14, when the
plasma sources 4 use hollow cathode discharge (HCD), the
metallic grid 5 1s not a must. When the metallic grid 5 1s not
used, the hollow negative electrodes 42 having through
holes have high voltage, and so have the function of the
metallic grid 5. However, if the metallic grid 5 1s used 1n the
hollow cathode discharge, the cleaning device can be
adjusted 1n a greater range 1n respect of its cleaning effect.

Referring to FIGS. 15 to 21, a magnetic field 1s provided
on outside of the plasma source 4; namely, magnets 6 are
disposed on outside of the plasma sources 4. The magnets 6
can be electromagnets or permanent magnets so as to
provide axial direction or diametric direction of the mag-
netic field 1n respect of the plasma sources 4.
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Moreover, builer members 15 are provided; the builer
members 15 each has a rack part 151, several buifer plates
152, an mner frame 153 and an outer frame 154. The rack
parts 151 each has elongated trenches 1514 on outer sides,
and support protrusions 1511 corresponding to the support
protrusions 11 of the supporting racks 1. The buffer plates
152 are each located on corresponding ones of the support
protrusions 1511. The outer frame 154 has connecting
protrusions 1541, which engage the elongated trenches 1514
of the rack part 151 when the frame 154 1s connected to the
rack part 151 with screws. The i1nner frame 153 also has
connecting protrusions 1531, which engage eclongated
trenches (not numbered) of the support rack 1 when the
frame 153 1s connected to the support racks 1 with screws.
Thus, the buffer plates 152 are protected from falling oif the
rack part 151 by the frames 153, 154. The buifer members
15 are connected to the support racks 1 when the support
racks 1 don’t have the covers 13 fitted to them. The buifer
members 15 can help the plasma spread on the flat-board-
shaped things to be cleaned in the support racks 1 evenly,
preventing the outer portions of the things to be cleaned
from being cleaned too much, and the intermediate portions
from being msuificiently cleaned.

The buffer plates 15 can be made of metals, waste circuit
boards or msulating plates such as Teflon.

The things to be cleaned are located on the supporting
protrusions 11 of the support racks 1, and the buffer mem-
bers 15 are fitted to the support racks as above said, and as
shown 1n FIG. 23. Referring to FIG. 24, the buifer plates 152
are each located at a same height as the corresponding things
to be cleaned. Then, the support racks 1 are disposed 1n the
cleaning device for the cleaning process.

From the above description, the cleaning device of the
present mnvention can be known to have desirable features as
follows.

1. It has relatively uncomplicated structure.

2. It has deeply reaching and evenly spreading plasma to
sufliciently clean the boards to be cleaned.

What 1s claimed 1s:

1. Aplasma cleaning system for deep cleaning workpieces
comprising:

(a) a vacuum chamber, said vacuum chamber containing

a gas introduced therein;

(b) at least one supporting rack disposed in said vacuum
chamber, said supporting rack having first and second
end portions;

(¢) first and second plasma sources disposed to respec-
tively oppose said first and second end portions of said
supporting rack, said first and second plasma sources
being operable to generate a plasma; and,

(d) at least one metallic grid defining member disposed
between each of said supporting rack first and second
end portions and said first and second plasma sources,
cach said metallic grid defining member being actuated
responsive to a predetermined electric voltage signal
applied thereto for increasing the charge density of the
plasma within said supporting rack.

2. The plasma cleaning system as recited 1 claim 1
wherein said metallic grid defining member 1ncludes a mesh
structure having a mesh opening width within the approxi-
mate range of 1 to 20 millimeters.

3. The plasma cleaning system as recited in claim 1
wherein said metallic grid defining member includes a
metallic plate having a plurality of through holes formed
therein.

4. The plasma cleaning system as recited 1 claim 1
wherein said predetermined electric voltage signal 1s of a
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type selected from the group consisting of: a positive voltage
direct current signal, a negative voltage direct current signal,
a positive unipolar pulsed signal, and a negative unipolar
pulsed signal.

5. The plasma cleaning system as recited 1n claim 1
wherein said predetermined electric voltage signal 1s a
bipolar pulsed signal.

6. The plasma cleaning system as recited 1n claim 1
wherein said predetermined electric voltage signal 1s dis-
posed 1 frequency within an intermediate frequency range.

7. The plasma cleaning system as recited 1n claim 1
wherein said predetermined electric voltage signal 1s dis-

posed 1n frequency within an approximate range of 40 KHz
to 13.56 MHz.

8. The plasma cleaning system as recited in claim 1
comprising a plurality of said supporting racks disposed
substantially in parallel one relative to the other.

9. The plasma cleaning system as recited in claim 8
wherein said supporting racks are each formed of a conduc-
tive material for conducting a predetermined auxiliary elec-
tric signal applied thereto, said supporting racks being
clectrically 1solated within said vacuum chamber by at least
one insulating cushion.

10. The plasma cleaning system as recited in claim 9
wherein said predetermined auxiliary electric voltage signal
1s of a type selected from the group consisting of: a positive
voltage direct current signal, and a negative voltage direct
current signal.

11. The plasma cleaning system as recited i claam 9
wherein said predetermined auxiliary electric voltage signal
1s a pulsed voltage signal pulsed at a frequency within an
approximate range of 0.1 to 500 KHz.

12. The plasma cleaning system as recited in claim 9
wherein said predetermined auxiliary electric voltage signal
1s an intermediate frequency alternating current signal hav-
ing a frequency within an approximate range of 0.1 to 500
KHz.

13. The plasma cleaning system as recited in claim 8
further comprising a plurality of holding members receiving
said supporting racks.

14. The plasma cleaning system as recited in claim 13
wherein said supporting racks are each formed of a conduc-
tive material for conducting a predetermined bias signal
applied thereto, said holding member being formed of an
insulating material.

15. The plasma cleaning system as recited in claim 13
wherein said supporting racks are each formed of a conduc-
five material for conducting a predetermined bias signal
applied thereto, said holding members being formed of a
conductive material, said supporting racks being electrically
1solated from said holding members by a plurality of 1nsu-
lating cushions disposed therebetween.

16. The plasma cleaning system as recited in claim 13
wherein said supporting racks are each formed of a conduc-
tive material, said holding members bemg formed of a
conductive material for conducting a predetermined bias
signal applied thereto, said supporting racks being electri-
cally 1solated from said holding members by a plurality of
insulating cushions disposed therebetween.

17. The plasma cleaning system as recited in claim 1
wherein said first and second plasma sources each include an
inductively-coupling portion.

18. The plasma cleaning system as recited in claim 17
wherein said first and second plasma sources each include an
antenna receiving a high frequency power signal.

19. The plasma cleaning system as recited in claim 1
wherein said first and second plasma sources each mnclude a
hollow cathode discharge portion.




US 6,603,091 B2

7

20. The plasma cleaning system as recited in claim 1
wherein said first and second plasma sources each imclude a
hollow cathode discharge portion, each said hollow cathode
discharge portion defining one said grid defining member.

21. The plasma cleaning system as recited 1 claim 19 or
20 wherein said hollow cathode discharge portions define
hollow negative electrodes respectively disposed opposing
said first and second end portions of said supporting rack,
said hollow negative electrodes each having a plurality of
through holes formed therein, said hollow negative elec-
frodes generating a flow of negative plasma responsive to
the application of a predetermined negative voltage signal
thereto.

3

22. The plasma cleaning system as recited i claim 1
wherein said first and second plasma sources each include at

least one of a helicon coupling and capacitive coupling
portions.

23. The plasma cleaning system as recited in claim 8
further comprising first and second magnetic field members
respectively disposed adjacent said first and second plasma
sources for generating a magnetic flield directed therebe-
tween.

24. The plasma cleaning system as recited in claim 23

10 wherein said first and second magnetic field members each

include a permanent magnet.
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